Coconut (Cocos nucifera L) is one of the predominant plantation crops in Sri Lanka. The success of a coconut plantation, in terms of its establishment as well as its future performance, is heavily dependent on the quality ofthe seedling used. Thus attention needs to pay to raise healthy seedlings in coconut nurseries.
INTRODUCTION
Coconut (Cocos nucifera) is one of the most important plantation crops in Sri Lanka. The cultivated extent of coconut in Sri Lanka is about 395,000 ha with an annual production of 2940 million nuts (Central Bank Report, 2012) . Generally, maintenance ofsenile coconut plantations with handling of improper genetic materials has largely contributed to low productivity of coconut plantations. One of the main reasons for this high motility rate of seedling is low vigour, especially less developed root and shoots system (Senarathne et aI., 2012) .
Under this condition, rehabilitation of coconut plantations with quality seedlings needs to be promoted and to maintain a proper coconut plantation, high quality coconut seedlings must be used as it helps to establish a healthy and uniform plantation. This is a critical point of coconut cultivation. Thus, nursery management techniques play an important role in coconut cultivation in producing high quality planting materials that will ultimately provide higher yields (Menon and Pandalai, 1958) . Standardized nursery techniques help in producing large quantities of quality seedlings at relatively low costs (Menon and Pandalai, 1958) . Among the cultural practices in coconut nurseries, irrigation, manuring and weeding are considered to be crucial. During the nursery period, inorganic fertilizers are applied to increase the seedling growth and to overcome nutrient deficiencies. However, applying mycorrhizal inoculants is becoming an increasingly common practice in plant nurseries. Whether nurseries are producing native, ornamental, or agricultural plants, adding mycorrhizae can lower mortality rates of plants and reduce water and plant nutrient consumption (Coyne and Mark, 1999) . There are many ways that mycorrhizae facilitate healthy plant growth and finally help to produce quality seedlings ,in the nursery (Linderman and Davis, 2004) .
Mycorrhizal technology plays vital role in sustaining plant-soil ecosystems (Jeffries and Barea, 2000; Gianinazzi et aI., 2002) . Mycorrhizae can increase the surface area of a plant root system (Miller and Jastrow, 1992) as a result; the plant is able to absorb more water and nutrients. This increase in water uptake helps the survival of transplants and facilitates drought resistance. In most cases, mycorrhizae benefit their host plants by improving nutrient uptake like phosphorus (P), nitrogen (N), and micronutrients (Barea et aI., 1991; Clark and I.M.PS. Ilangamudali and SHS Senarathne Zeto, 2000; Ward et aI., 200 I; Javaid, 2007) . AM fungi also provide their host plants with protection against environmental abiotic stresses (Auge, 2001; Javad, 2007) as well as, biotic stress (Khaosaad et aI., 2007) . In addition, mycorrhizae enhance nitrogen fixation in nodule-forming plants ( Kemery and Dana, 1995) . Plants that receive proper nutrition are able to resist diseases, and this is one way that suppresses soil borne diseases (Linderman and Davis, 2004) . The most obvious mechanism for protection against diseases is the barrier that Ectomycorrhizae create when they coat the external surface of the root (Castellano and Molina, 1989) . Mycorrhizae compete with pathogenic microorganisms and may actually exude toxins and antibiotics to protect the plants and also root feeding nematodes are less likely to attack mycorrhizal plants (Khaosaad et aI., 2007) . Other benefits include improved soil structure due to the mycorrhizae binding soil particles into aggregates-allowing water to infiltrate and increasing oxygen in the rhizosphere (Coyne and Mark, 1999) . Incorporation ofbiofertilizers which contain Arbuscular Mycorrhizal fungi (AMF) during the nursery period without incurring costs in supplying inorganic fertilizers can be an effective way of enhancing shoot and root growth (Marx et aI., 1989) . However no research had been carried out on AMF base bio fertilizers to understand its activity on root and shoot growth in coconut seedlings in Sri Lanka. This study was carried out to determine the impact of an AMF containing biofertilizer on seedling growth in coconut.
MATERIALS AND METHODS
This experiment was carried out at the Bandirippuwa Estate of the Coconut Research Institute of Sri Lanka which is located in the Intermediate Zone Low Country (ILIa) from Sampling and sample preparation
The experiment consisted of two bio fertilizer treatments with Arbuscular Mycorrhizal Fungi (AMF) based biofertilizer (Tl) and without Arbuscular Mycorrhizal Fungi (AMF) based biofertilizer (T2). Fifty gram (50 g) of AMF bio fertilizer was mixed well with the potting media in the poly bags at the time of planting seed nuts. All seedlings were managed by following the recommended nursery practices. The seedlings were maintained at near field capacity by watering at 3 day intervals in the absence of rainfall. Weed and pest control was done manually as per the recommendation of CRlSL.
Destructive samples were taken at four weekly intervals. At each sampling, four coconut seedlings were uprooted randomly from each treatment. First, seedling girth and seedling height were measured. Thereafter, the poly bag was removed and the potting mixture was washed away without damaging the roots, using running water. The coconut husk of the seed nut was carefully removed using a sharp knife. All the roots within the husk were removed and separated in to primary, secondary, tertiary and quaternary roots.
Root measurements
The root volume (ml) was taken by using the Archimedes principle (Burdette, 1979) . A specific measuring cylinder was used to measure the displaced water volume. The separated root samples; primary, secondary, tertiary and quaternary roots, were immersed in a known volume of water in order to measure the displaced water volume. Separated root samples were oven dried in Displaced water volume (ml) -Known volume (ml) by known volume and roots Root volume (ml) November 2012 to July 2013. The mean annual rainfall was 1660 mm with fluctuation during dry periods. During the experimental period, the ambient air and soil temperature ranges between 28 OC to 32 OC and bright sunshine hours vary from 6 to 8 hours per day. The site was located in a well-drained flat land area without shade.
In this experiment, the biofertilizer was tested. It is produced by MALAYSIAN AGRl CARE SND. BHD. Company in Malaysia. Commercial name was; MYCOgold. It <;ontains mycirrhizal hypae, infected root bits and viable spores with sterilized sand as the carrier medium. It contains 95% ofendo-mycorrhizal spores and 5% ofadditives that assist in prolonging the shelf life ofmycorrhiza. These additives also assist in improving the efficiency of biofertilizet in the field. It contain four genuses ofendomycorrhizal spores, such as Acaulospora, Gigaspora, Glomus and Scutellospora. Also it contains sterilized sand and vermiculite.
Poly bags of 75 cm in height and 45 cm in width made of 500 gauges black polythene with gussets were used. Few punch holes were pierced on all sides close to the bottom to drain the excess water. The nursery stage poly bagged coconut seedlings were used in this study. The poly bags were filled with a potting mixture made up of coir dust and soil in a ratio of 3: 1. High ratio of coir dust facilitates the uprooting of coconut seedlings without root damage. Coconut seedlings (2 months aged, tall x tall variety) were planted in individual poly bags and arranged at a spacing of 60 cm x 60 cm in two separate plots according to the treatments. The experimental design was a Complete Randomized Design with five replicates.
separately at 800C to a constant weight. Dry weights (g) of the different categories of roots were recorded.
Shoot measurements
Seedling girth and height (cm) were measured using a measuring tape. The distance between shoot development point from the nut and the tip of the longest leaf was taken as the seedling height. To measure the leaf area, leaves were separated from the petiole and cut into pieces and leaf area was measured with an Automatic Leaf Area meter (USA LI COR 3100). Then the leaf petiole pieces were oven dried at 80 OC temperature to a constant weight and total shoot dry weight was determined.
Data analysis
Data was analyzed using an Analysis ofVariance (ANOVA) procedure and means were separated using the Least Significant Difference (LSD).
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RESULTS
Effect of different treatments on root growth (volume) of coconut seedlings
The volume ofprimary roots was not significant (P<0.05) between two treatments during the first three months (Table 1) . From the third month onwards, seedlings treated with the AMF inoculum had larger primary roots, as depicted by the volume, when compared to the untreated plants. The differences were significant from up to the seventh month. The secondary root volume of plants grown with and without mycorrhizal inoculation were not significantly different (P<0.05) during first four months (Table 2) . After fourth month, plants with inoculation (T 1) had a significantly higher root volume when compared to non-inoculated plants until the eighth month. Furthermore, seedlings treated with the inoculum had comparatively higher root volumes at all samplings from fifth to eighth months. Tertiary root volumes of the inoculated and non-inoculated plants were not significantly different (P<0.05) during the second and third month (there were no tertiary roots at the first sampling) (Table 3) . From the third month onwards, plants in Tl had significantly higher root volumes when compared to those of T2. In general, seedlings treated with inoculum had comparatively higher root volumes when compared to non-treated seedlings at the time offield planting. No quaternary roots were observed during the first two samplings. After the fifth month, inoculated seedlings had significantly higher quaternary root volumes (Table 4) . However, seedlings treated with the inoculum had comparatively higher quaternary root volumes than the non-treated seedlings. The total root volumes of seedlings grown with and without mycorrhizal inoculation was not significantly different (P<0.05) during first three months (Table 5) . From the fourth month onwards, seedlings with the inoculum had a significantly higher total root volume. (Table 6 ). Thereafter, seedlings treated with the inoculum had a significantly higher root dry weights when compared to the non-treated seedlings until end of the nursery period. The dry weight of secondary roots of seedlings were not significantly different (P<0.05) between two treatments during the first three months (Table 7) . After the third month, seedlings treated with the inoculum had significantly higher root dry weights than non-treated seedlings No tertiary roots were observed at the first sampling in both treatments but there were greater tertiary root dry weight in inoculated seedlings at the rest of the samplings when compared to the non-inoculated seedling. However, significantly higher tertiary root dry weights were observed in seedlings treated with the inoculum after four months of application when compared with noninoculated seedlings (Table 8) . Seedlings did not have any quaternary roots in the first and second months. However, it was three times higher in inoculated seedling when compared with the non-inoculated seedlings from the third month onwards. Significantly higher quaternary root dry weights were observed in inoculatetl seedlings compared to non-inoculated seedlings after the 5th month (Table 9 ). Total root dry weight was greater in the seedlings treated with inoculums when compared with the non-inoculated seedlings at all other samplings. From the fourth month, total root dry weights were significantly higher in inoculated seedlings (Table 10 ). Effect of treatments on shoot growth of coconut seedlings Leaf area of seedlings were not significantly different between two treatments (P<0.05) during the first five months of nursery period (Table 11 ). The leaf area ofbio-fertlizer treated seedlings was significant higher during 6th and 7th month of the nursery period. However, seedling treated with inoculums had higher leaf areas when compared to non-treated seedlings except in the first three months.
Tablell: Effect of biofertilizer on leaf area (cm2) of coconut seedling Seedlings grown with inoculums always showed marginally greater shoot dry weight when compared to seedlings grown without the inoculum in whole nursery period. Significantly higher shoot dry weights were observed at the end of the nursery period (6th and 7th months) in seedlings grown with inoculurns compared to seedlings without inoculum (Table 12) There were no significant differences (p<0.05) in seedling heights between inoculated and non-inoculated seedlings (Table 13 ). However, seedlings grown with the inoculums had greater seedling heights when compared to seedlings grown without the inoculum during the whole nursery period. There were no significant differences in seedling girth between treatments during first five months of the nursery period. However, significantly higher seedling girths were observed at the latter stage of the nursery period (6 th , 7 th months) in seedlings grown with biofertilizer (Table 14) . 
Table13: Effect ofbiofertilizer on coconut seedling height (em)
DISCUSSION
This study was intended to assess the impact of an AMF based biofertilizer on the root and shoot development of the coconut seedlings at nursery stage. The highest growth rate was observed for biofertiIizer treated coconut seedlings implying that biofertilizer has a more positive effect on the growth ofcoconut seedlings. Auge (2001) reported that plants treated with AMF inoculation have deeper and more extensive root systems. Moreover, Berta et a\., (1993) and Espeleta et a\., (1999) reported that AM colonization can change specific root length, root architecture and root/shoot ratio of Prunus cerasifera as observed in this study.
Thus, AMF inoculation significantly increases the shoot growth of coconut seedlings. Similar results were found in the case of corn (Kothari et a\., 1990) , lettuce (Tobar et a\., 1994b) and maize (Subaramanian et a\., 1995) . A positive response of shoot growth to AMF inoculation has been all so reported in sorghum (Ebel et a\., 1994) and wheat (Panwar, 1993) . It is widely reported AM fungi can enhanced the host plant growth and development whilst improving nutrient status of the host plant. Researchers show AM fungi can assist most of the plants by increasing the growth, development and nutrient status of the host plants (Chen et a\., 2008; Sun et a\., 2008; Zhang et a\., 2011) . Experiment results showed that AM fungi can increase plant shoot and root growth. Seedling girth, leaf area and shoot dry weight of the coconut seedlings showed significant differences at the latter part ofthe nursery period. These results conferm to those of Wu (20 II) who observed that the enhanced efficacy of mycorrhizas was more obvious for root than for shoot or total dry weight of Peach (Prunus persica L. batsch) seedlings. In addition, these results agree with 09 those of with the findings of Yao et a\., (2005) in Litchi (Litchi chinensis) and Wu et a\., (2007) in red tangerine (Citrus tangerine).
The results also state that AMF symbiosis influences significantly rooting area. Thus, root volume of inoculated coconut seedlings was multiplied two times according to the noninoculated seedlings. The importance ofthe root system was due to the presence ofa large number of rootlets, supporting the notion that AM fungi can increase the rooting zone. This experiment data also suggest that the positive effects on root volume could be correlated to improvement of coconut seedling growth. Indeed, like certain filamentous fungi species, AM fungi secretes in the rhizosphere some phosphatases (Tarafdar and Marschner, 1994) and organic acids such as the oxalic acid, catalyzing the hydrolysis of the connections phosphoesters (plenchette, 2005) and thus placing phosphorus at the disposal of the plants. The higher root growth of primary, secondary, tertiary and quaternary by biofertilizer treatments improves the efficient water uptake and nutrient absorption and it leads to develop a good quality coconut seedling. However, the increase in shoot development is also a beneficial character for a seedling because it increases photosynthesis rates and dry matter production which is helpful for root and shoot growth of the plant. However, having a balanced shoot/ root ratio is important for a seedling to obtain a better partitioning of dry matter.
CO CLUSIO
The present study illustrated that the application of an AMF based bio fertilizer (MYCOgold) had no significant effect on selected root growth parameters in the early stages (up to third month). However, it increased the volumes and dry weights of primary, secondary, tertiary and quaternary roots and stem girth at the latter stages of coconut seedling growth. The leaf area and seedling height were not significantly increased by the AMF based bio fertilizer during the nursery period. These results revealed that the usage ofAMF based bio fertilizer positively affected root development and stem girth of
